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SUMMARY 
During the  period covered by the  current  report,  t he  Environmental 
S t e r i l i z a t i o n  Laboratory, Space Science Center, Univers i ty  o f  Minnesota 
has continued experimental work re la ted t o  dry heat resistance o f  micro- 
organisms. One phase o f  t h i s  research has been concerned w i th  the  via- 
b i l i t y  and dry heat resistance o f  indigenious micro f lo ra  associated w i t h  
small s o i l  par t i c les .  Another ser ies o f  Invest igat ions has been d i rec ted 
toward special analyses o f  Bac i l lus  s u b t i l i s  spore crops produced and 
stored i n  the  laboratory. 
For the studies o f  t he  microscopic sized (74-88 prn) s o i l  p a r t i c l e s  
and the dry heat e f fec ts  on associated microorganisms, we have developed 
an Aiuminum Boat-TDT Cup-TSA s o l i d  media system. This technique appears 
t o  f a c i l i t a t e  the  assay procedure f o r  p a r t i c l e  v i a b i l i t y  tes t ing .  Modi- 
f i c a t i o n  o f  the  TSA media by add i t ion  o f  t r ipheny l te t razo l ium ch lo r ide  
improved v i s i b l e  detect ion o f  microbial  growth. Detai I s  o f  t he  procedure 
are described i n  t h i s  report.  
The data included i n  the  present repor t  were obtained using analyses 
of indiv idual  s o i l  par t i c les .  Deta i led p a r t i c l e  v i a b i l l  by p r o f i l e s  f o r  
dry heat e f f e c t s  were determined f o r  Kennedy Space Center sol  I .  A t  l 10°C 
a t  least some p a r t i c l e s  retained v i a b i l i t y  through a heating per iod o f  
between 8 and I 6  hours. Single p a r t i c l e s  heated a t  12S°C f o r  80 minutes 
o r  longer d i d  not  show evidence o f  v i a b i l i t y  under t e s t  condi t ions.  
Prel iminary aerobic, mesophi l i c  p l a t e  counts o f  the  74-88 pm so l  l 
f rac t i on  y ie lded mean values o f  16.2 organisms per dark p a r t l c l e  and 2.6 
organfsms per I i g h t  pa r t i c le .  Heat treatment o f  p a r t i c l e s  I n  a dry at -  
mosphere d i d  not  appear t o  increase the  r a t e  o f  i nac t i va t i on  f o r  i n  s i t u  
s o i l  p a r t i c l e  microf lora. 
l nvest iga t ion  re levant  t o  the  storage o f  Baci I I us subt i  l i s  spores i s  
being continued. This research i s  attempting t o  analyze the  e f f e c t  o f  
storage temperatures, cleaning procedures, storage t ime and suspending 
medium on the s t a b i l i t y  and dry heat resistance o f  6. s u b t i l i s  var  n lge r  
spores. The work i s  a long term study which w i l l  run over a th ree year 
perfad w i th  semi-annual analyses o f  the  spore crops. 
DRY HEAT EFFECTS ON VIABILITY 
OF CAPE KENNEDY SOIL PARTICLES 
0. R. Ruschmeyer, B. Moore, G. Smith, I. J. P f l ug  and R. Gove 
l NTRODUCT I ON 
Fa l l ou t  o f  small s o i l  pa r t i cu la tes  from the  a i r  o f  assembly areas 
and t rans fer  o f  p a r t i c l e s  t o  components by assembly workers may be sources 
o f  microbia l  contamination f o r  space probe uni ts .  The resistance t o  dry 
heat s t e r ; l i z a t i o n  o f  indigenous s o i l  m ic ro f lo ra  associated w i t h  ind iv idua l  
s o i l  p a r t i c l e s  is, therefore, o f  i n t e r e s t  t o  the  planetary quarantine re- 
search program. 
I n  the  past, e a r l i e r  invest igat ions have d e a l t  w i th  dry heat res is-  
tance character! s t  l c s  o f  cleaned spore suspens ions obta i ned from I aboratory 
cu l tu res  o f  selected spore forming bactar ia. These studies have provided 
extensive data on dry heat destruct ion ra tes  f o r  unprotected spores under 
a va r ie t y  o f  condit ions. Results accumulated from thermal res is tance 
anal ysus o f  spores i n  various laboratories have formed the  basis f o r  assess- 
ment of heat treatment requirements t o  be used on spacecraft. 
Current ly,  supplementary informatlon concerning the  v f a b i l l t y  o f  
Individual s o l l  pa r t i c les ,  and the  associated microorganisms, when 
subjected t o  dry heat treatment cycles appears desirable. This i s  es- 
p e c i a l l y  important because previous studies have suggested t h a t  t he  ln- 
digenous f l o r a  of natura l  so l  I environments may, I n  some instances, demon- 
s t r a t e  a greater resistance t o  heat treatment than spores o f  laboratory 
cu l tu red isolates. Data deal ing w i th  the ra tes  o f  s o i l  p a r t i c l e  i nac t i va t i on  
and loss o f  v i a b i l i t y  can be o f  assistance t o  the  designers o f  space probe 
s t e r i l i z a t i o n  processes. The compilat ion o f  Information on dry heat 
e f fec ts  on microbial  assemblages associated w i th  various s o i l  p a r t i c u l a t e s  
should a lso  be useful I n  the se lec t ion  o f  s t e r i l i z a t i o n  cycles. 
OBJ ECT l VES 
The ob jec t lve  o f  t h i s  p ro jec t  i s  t o  determine the  dry  heat re- 
sistance patterns f o r  t yp i ca l  sized p a r t i c l e s  o f  Cape Kennedy s o i l .  
Spec i f i c  objectives o f  these experiments were as fol lows: ( 1 )  t o  
fu r ther  develop and Improve the  system f o r  t e s t i n g  sol  l p a r t i c l e  
v iab l  l i t y  a f t e r  heat treatment, (2) t o  determine dry heat rest stance 
character i s t  i c s  o f  Cape Kxnedy so l  l (WAKMF 74-88 rrm) p a r t  I c les  a t  
l 10°C and 125OC. ( 3 )  t o  determine e f f e c t s  o f  conditioning and heating 
I n  low - vs r e l a t i v e l y  higher moisture leve ls  on sol1 p a r t l c l e  v l a b i l l t y ,  
(41 t o  estlmate the  microbtal  concentrations associated w i t h  t h e  74-88 pm 
so l  I p a r t i c l e s  using p l a t e  counts. 
MATERIALS AND METHODS 
Sol1 P a r t l c l e  Viability Studles 
This ser ies o f  Invest igat ions was concerned w i t h  
o f  -- I n  s i t u  microorganisms associated w i t h  s o i l  p a r t i c  
pu rsu i t  o f  t he  research, c e r t a i n  modlf1cations i n  cu l  
dry hea 
les. I n  
t u r e  med 
t r e s i  stance 
t h e  
ia, techniques 
and equipment were necessary. The s p e c i f i c  procedures which were developed 
f o r  the  s o i l  p a r t i c l e  v iab i  l i t y  s tudies are out l lned I n  sect ions t h a t  
f o l  low. 
Sol l Samples. The Cape Kennedy so l  l used i n  t k e  present f nvest l -  
gat tons was designated by t h e  code, WAKMA. This sample was received 
by our laboratory on June 18, 1973 i n  the  form o f  a five-pound bu lk  
shipment o f  dry s o i l .  Soon a f t e r  del ivery,  t h e  s o i l  sample was separated 
I n t o  a ser ies o f  p a r t l c l e  s i ze  ranges by shaking f o r  30 minutes on a 
Ro-Tap machlne equipped w l t h  standard ASMT-NBS sieves. P r i o r  t o  use, 
the  sieves were thoroughly washed w i th  a detergent solution, r insed 
w i t h  d i s t l  l led water, ethanol r lnsed and dried. 
So i l  f rac t i ons  were t rans fer red t o  clean glass j a r s  and stored 
unt 1 l used. Of t h e  so l  l f r a c t  Ions co l  l ected, only the  i ntermedl a te  
s l ze  p a r t i c l e s  l n ' t h e  74-88 pm range were used f o r  t he  Investigations 
described I n  t h l s  report .  
P a r t l c l e  Select ion and Transfer. Individual 74-88 pm p a r t i c l e s  
were separated and used I n  t h e  heat treatment studles. For p a r t l c l e  
selection, approximately 0.5 g o f  t he  s o i l  f r a c t i o n  was t rans fer red t o  
a clean microscope s l i d e  using a s t e r l l e  s ta in less  s tee l  spatula. 
A three-jawed mlcro-extension clamp, attached t o  a r i n g  stand served 
as a holder t o  p o s i t i o n  the  s l l d e  over the  microscope stage. 
Par t i c les  were spread ou t  i n  a mono-layer on the  s l l d e  and separated 
w 1 t h  the  a 1 d o f  a stereoscop i c m i  croscope (magn I f I ca t  ion range 20-60x1 
and a s t e r i l e ,  f ine,  c t ~ r m e l  wlre probe. Single particles were t rans fer red 
by mlcro-manipulation and placed I n  Individual, s t e r i l e  s ta in less  s tee l  
TDT cups (7/16 in .  dia. X 3/8 in. deep) arranged I n  order ly  rows I n  
a p e t r i  dish. 
E lec t ros ta t i c  charge e f f e c t s  on the  particles were s u f f  i c  
cause them t o  c l i n g  t o  the  wire probe. Therefore, w i th  carefu 
t rans fers  o f  p a r t i c l e s  could be made d i r e c t l y  wi thout  need f o r  
equipment. Except f o r  special p l a t e  count studies of l i g h t  - vs 
par t ic les ,  a l l  o ther  p a r t i c l e s  were t rans fer red non-discrlrnlna 
ent  t o  
hand I 1 ng, 
add i t iona l  
dark 
~ I Y ,  
1.e. wi thout  any conclous e f f o r t  t o  se lec t  them on the  basls o f  s t ructure,  
c r y s t a l l i n e  appearance, color,  etc. A l l  p a r t i c l e  t rans fe r  work was 
done I n  a l a l n a r  cross f low clean bench. 
Heat Treatment Un i ts .  A f t e r  a l l p a r t  1 c les o f  a se t  t. be tested 
had been placed i n  TDT cups, s t e r i l e  forceps were used t o  t r a n s f e r  t h e  
cups t o  aluminum boats used f o r  heating. These u n i t s  were 4 In. dla. 
X 3/8 in. th ick,  hexagonal shaped, sluminum p la tes  machined 1 n our 
laborator ies. Each boat was d r l l l e d  t o  conta in 37 equal ly spaced we l l s  
(7/16 dia. X 1/4 In. deep) t o  accmodate t h e  TOT cups. 
Following t h e  placement o f  a l l  cups i n t o  boat wel ls,  each boat 
was covered w i t h  a 4 In. p e t r i  d ish  top as a precautionary neasure 
against any possible f a l l o u t  contamlnatlon dur ing and a f t e r  the  heating 
process. Speclal shoulder sect ions machined I n t o  each o f  the  s i x  corners 
o f  t he  boats held t h e  cover i n  posi t ion.  The covered boats were then 
placed ins ide a large (6 in.) p e t r l  d ish  which served as a c a r r l e r  f o r  
t ranspor t  o f  u n l t s  from one laboratory area t o  another. 
Al  l boats were heated on I l O°C o r  1 E ° C  hotp l a t ~ s  f o r  selected 
times, then cooled three t o  f i v e  mlnutes on a co ld  p l a t e  (circulating 
water). A f te r  cool 1 ng, boats were returned t o  the  large p e t r l  d ish  
ca r r i e rs .  Further processlng o f  a l  l samples was ca r r i ed  out  i n  a 
laminar downflow clean room f a c i l i t y  using s t r i c t  asept ic  procedures. 
Med fa Preparat ion and Addi t ion t o  Cups. For our i nvest l  gatlons, 
a Trypt icase Soy Agar--Trlphenyltetrazolium ChlorIds (TSA-TTC) 
medium was used t o  determlne p a r t i c l e  v i a b i l l t y ~  i n  TDT cups. The 2,3,5 
Tr i pheny l te t razo l  l urn Ch lo r1  deY I s  a redox 1 nd i ca to r  t h a t  i s  sol  ub l e  
K - - - -  
Fisher Chemical Co. Cat. # T-413. 
l n  water and co lor less  l n  the  oxidlzed form, When the  dye i s  reduced, 
as by the  metabol l c  a c t i v i t y  o f  1 i v l n g  microorganisris, a red formazan 
p r e c i p i t a t e  forms a t  t he  s i t e  o f  mlcrobla l  growth. The p r e c l p i t a t e  i s  
insoluble I n  water and remains local ized a t  the  area o f  mlcrobla l  colony 
development. 
As used I n  our studles, a 1.0% aqueous so lu t ion  of the  TTC dye 
was prepared. This was passed through a s t e r l l e  0.45 pm MF f i l t e r  un i t ,  
co l lec ted i n  a ser ies o f  s t e r i l e ,  15 m l  capacity v l a l s  and stored a t  
4OC. V ia ls  were l nd l v ldua l l y  wrapped i n  alumlnum f o l l  t o  exclude l i g h t ,  
The TSA medla was dispensed l n  20 m l  o r  30 m l  quan t i t i es  I n  t e s t  tubes, 
s t e r l l l z e d  by autoclavlng and stored. To prepare the  TSA-TTC media, 
the  TSA was f i r s t  melted and cooled s l i g h t l y .  Then the  redox indicator 
was added asept ica l ly  i n  amounts t o  pruvlde a concentrat ion o f  1.0 m l  
o f  1% TTC per 100 m l  o f  TSA media. 
A l l  media mixing and p i p e t t i n g  was done I n  t h e  clean room, When 
the  medla was ready f o r  de l l ve ry  t o  TDT cups, the  large p e t r l  c a r r l e r  
top was removed and the  sma l l e r  cover l I f  ted  t o  a l low access t o  the  cups, 
As a precaution agalnst contamination, s t e r i  l e  rubber gloves were used 
on hands t h a t  moved near cups dur ing p ipe t t ing .  Approximately f i v e  
drops o f  melted TSA-TTC media was del ivered t o  each TDT cup w l th  a 10 m l  
p lpet te.  A separate tube o f  media and a separate s t e r l l e  p l p e t t e  f o r  
one t lme use per boat was an add l t lona l  measure I n s t i t u t e d  t o  avoid 
chance contaml nat  Ion. 
Incubation o f  Cups. A f t e r  media add l t lons  t o  a l l  cups was completed, 
the  4 in. p e t r i  top  was replaced. Ten m l  o f  s t e r i  le, d l s t l  I led water 
was added t o  the bottom o f  t h e  6 In. p e t r i  d ish  ca r r l e r ,  t he  top 
replaced and the  u n i t  sealed a t  the  j o i n t  w i th  masking tape. The 
water add l t l on  and seal ing was necessary t o  prevent dry lng o f  agar 
l n  the  cups over prolonged Incubation periods used. A1 l boats were 
Incubated a t  32'C f o r  two weeks. 
Recordlng Data. A t  t h e  end o f  t he  incuabtion period, cups i n  each 
boat were examined 1 nd i v l  dua l l y under a stereoscopic microscope, The 
formation o f  a red colored fonnazan p r e c i p i t a t e  around t h e  p a r t i c l e  
o r  other  v i s i b l e  evidence o f  colony development was in terprs ted as a 
p o s i t i v e  response and t h l s  was recorded as a v iab le  p a r t i c l e .  By deter- 
mining the  number of p a r t i c l e s  remaining v iab le  a f t e r  heat lng tlmes, 
the  r e s u l t s  could be expressed as a proport lon p o s i t i v e  value. These 
data were recorded I n  f rac t i ona l  and decimal terms. The r a t i o s  o f  the  
f r a c t i o n  o f  p a r t i c l e s  w i th  v iab le  organisms were a lso p lo t ted  on a graph 
as a funct ion o f  heating time. 
Dry Box vs Clean Room Systems. Most o f  the  experimental s tudies 
concerned w i th  the dry heat resistance o f  s o i l  p a r t i c l e s  were done i n  the  
laminar downflow clean room. The a i r  system o f  the  room was cont ro l led  a t  
22 C and 5OkFW (approximately 13,000 ppm moisture). 
I n  add i t i on  t o  clean room work, a ser ies o f  several experiments were 
a l so  run t o  compare the  v i a b i l i t y  o f  s o i l  p a r t i c l e s  heated i n  a dry  atmosphere 
w i t h  t b  v i a b l l l t y  o f  s i m i l a r  p a r t i c l e s  t reated under r e l a t i v e l y  more moist 
condi t ions o f  t h e  clean room environment. The d ry  atmosphere t e s t s  were 
run i n  a glove box un i t ,  prev iously modified t o  provide a dry  gas environment. 
Dry n i t rogen gas, a t  a constant cont ro l led  flow, passed through the  u n i t  
and a humidity cont ro l  system was i n c l  uded i n  the  gas t r a i n .  A moisture 
monitor provided a continuous record o f  t he  glove box humidity. Hotplates 
operat ing a t  I 10°C and I25OC were i nsta I led I n  the  dry box. Cont i nuous 
temperature records were obtained w 1 t h  thermocoup l o  probes and a Hew l e t t -  
Packard mu It I-channel data acqu is1  t ion system. The dry box atmosphere was 
cont ro l  led a t  approximately 27OC and 0.28kRH ( 100 ppm mofsture) . Addi t iona I 
d e t a i l s  o f  t he  dry  atmosphere system have been described previously (see 
Unlversit;, o f  Minnesota, School o f  Pub l ic  Health NASA Report, 89, Appendix A) .  
S o l l  p a r t i c l e s  studied I n  the  Clean Room-Dry Box ser ies  were a l so  
placed I n  lndivfdual  TDT cups. These cups were t rans fer red t o  the  aluminum 
boats se t  i n  large p e t r i  dishes. The u n i t s  were then placed I n  t h e  clean 
room o r  dry  box atmosphere f o r  a per lod o f  18 hours conditioning w i t h  t h e  
6 in. p e t r i  c a r r i e r  covers removed bu t  w i t h  the  smaller, 4 in .  covers I n  
place, Both the  clean room and dry  box sets o f  p a r t i c l e s  were heated on 
the  same day. Following heat treatment, t he  dry box u n i t s  were processed 
by procedures described I n  the  o ther  sect ions above. 
Est lmates o f  Par t  l c l e  Microb l a  I Load 
These pre l iminary experlments were done t o  obta in  p l a t e  count data on 
the  number o f  aerobic, mesophll ic microorganisms associated w i t h  l i g h t  
and dark sol1 par t ic les .  Also o f  I n te res t  was the  a f f e c t  o f  selected 
heat treatments on the  microbia l  counts and p a r t l c l e  v i a b i l l t y .  
Cape Kennedy s o i l ,  Code WAKMF (74-88 pm), was the f r a c t i o n  used I n  a l l  
experiments. Three sets o f  74 ind iv idua l  s o i l  p a r t i c l e s  per se t  were 
studied. Each set was comprised of 37 lndlvldual l lght  colored and 37 dark 
colored part lcles. A l l  pa r t l c les  were selected by micro-manipulation with 
the a id  o f  a stereoscopic microscope and each pa r t i c l e  was placed I n  a 
separate TOT cup for  the analysts. A l l  processing of  cups was done i n  
the clean room. 
The three sets o f  par t  l c les  were treated as f o l  lows: 
Set A. No heat treatment. Each TOT cup, wl th the lndlvldual par t lc le ,  
-
was placed I n  a 125 m l  Erlerimeyer f lack  wl th 25 m l  phosphate buf fer  and 
lnsonated f o r  two minutes. Then 25 m l  double strength Tryptlcase Soy Agar 
(TSA) medi um was added, the f lask  contents mixed we1 I, and plated 1 n two 
p e t r i  dishes. 
Set 8. Sol l part lc les,  each I n  lndlvldual cups, were Insonated I n  
7
f lasks wi th 25 m l  o f  buffer. A f te r  Insonatlon, each f l ask  was heated i n  a 
water bath a t  80°C f o r  20 minutes, cooled 30 seconds I n  an Ice bath, and then 
plated as i n  Set A. 
Set C. lndfvldual par t i c les  i n  TOT cups were placed I n  aluminum 
-
boats. Boats were heated on the clean rocm hotplate a t  l 10°C fo r  one hour, 
. cooled, and then each cup was sonlcated i n  a f lask  wl th 25 m l  buffer. 
Af ter  Insonatlon, f l ask  contents were plated as described f o r  Set A. 
A l  l plates were Incubated a t  32'C f o r  s l x  days a f t e r  which colony 
counts were done. The longer lncubatlon time was used because a substantial 
number o f  colonles on some plates were slow growing actlnomycetes. Data 
were reported i n  terms o f  microbial colonles per sol1 par t ic le .  
RESULTS AND C l SCUSS l ON 
Ear l ie r  work wl th WAJJ sol1 par t i c les  studled I n  our laboratory had 
been done wi th small capaclty heotlng un i ts  (boats wl th  wells f o r  only - 
f i v e  cups). Those investigations employed a l i qu id  medium (Tryptlcase 
Soy Broth supplemented wi th 0.005% alanlne) t o  detect survival o f  mtcro- 
organisms on heated part lc les.  The use o f  l l qu ld  media t o  t e s t  p a r t i c l e  
v labl  l i t y  requl red considerable add i t lona l hand l ing o f  cups and tubes 
a f t e r  the par t i c les  had been heated. Thls was a d isadvantage when processing 
larger numbers o f  part ic les.  A t  times, the occurrence of  only s l  lght  
growth was also somewhat d l f f l c u l t  t o  detect i n  the l tqu ld  cu l ture  tubes. 
Studies t o  Improve Viability Detection 
I n  an e f f o r t  t o  Improve the procedures f o r  pa r t l c l e  v iab i  l l t y  analyses, 
th ree modl f icat lons have been made recently.  These were as fol lows: 
( I 1  use o f  37-well aluminum boats f o r  heating, (2)  add i t ion  o f  s o l i d  agar 
media d i r e c t l y  t o  the  TDT cups and ( 3 )  t he  use o f  TTC redox Ind ica tor  I n  
t h e  media. A l l  of  these changes i n  methodology were found t o  f a c i l i t a t e  
t h e  t e s t i n g  o f  s o i l  pa r t i cu la tes  and aided I n  the  detect ion o f  v iab le  
pa r t l c les .  
Employment o f  boats w l th  37 wel ls  provided increased capacity and 
reduced handling f c r  t he  t e s t  o f  par t lc les .  By employing these uni ts ,  
a t  leas t  74 p a r t i c l e s  o r  more were tested f o r  every heatlng t ime in te rva l  
studied. It was found t h a t  the  use o f  aluminum boats f a c l l i + a t e d  t r a n s f e r  
and heating o f  t h e  p a r t i c l e s  i n  a t e s t  serles. 
The use o f  agar media p lpe t ted  d l r e c t l y  i n t o  TDT cups a f t e r  p a r t i c l e  
heat ing was a d i s t i n c t  advantage over the  use o f  I iqufd,  tubed media. F i r s t l y ,  
d i r e c t  p i p e t t i n g  o f  agar medla t o  cups precluded the previous need f o r  
ex t ra  hand l lng o f  cups and large numbers o f  l l qu ld  media tubes a f t e r  t h e  
heating process. Secondly, the  p a r t i c l e s  I n  cups w i t h  agar could be 
inspected d l r e c t l y  under the  mtcroscope f o r  any ~ l n u t e  vldence o f  growth. 
Lastly, t h e  use o f  s o l l d  medla, and the consequent reduct ion i n  handling, 
a l so  reduced the  exposure o f  heated samples t o  any posslb le extraneous 
contami n a t i  on from added manipu la t ion .  
Upon observing the  nature and extent  o f  microbia l  growth from the  s o i l  
p a r t i c l e s  i n  agar, it seemed desi rable t o  seek a modification o f  t h e  TSA 
meuia t o  promote easier recogni t ion o f  the mlnute amounts o f  growth found 
i n  close proxfml ty  t o  the  s o i l  p a r t i c l e .  Therefore, I n  an attempt t o  
improve the  medla s e n s l t i v i t y  f o r  detect ing p a r t l c l e  v l a b l l l t y ,  a ser les  
o f  experiments 
The data 
w l t h  sol  l p a r t  
feas ib l  l i t y  o f  
us i ng 
l i sted 
i c l e s  
uslng 
Three d i f f e r e n t  
TSA media w i t h  TTC addi t ions were run. 
i n  Table I show t h e  r e s u l t s  o f  pre l iminary t r i a l s  
I n  TDT cups. This ser les  was run t o  ascerta 1 n the  
the  redox ind ica tor  I n  media added t o  cups. 
sets o f  15 t o  17 cups, each w l t h  a s ing le  s o i l  pa r t l c le ,  
were t reated as shown I n  the  table. The add l t lon  o f  TSA-TTC medla t o  t h e  
unheated p a r t i c l e s  resu l ted  i n  easier  detect ion o f  t h e  v iab le  p a r t i c l e s  
whlch ccmprlsed about 64% o f  the  t o t a l  tested I n  t h i s  group. Of the  17 
so l  l p a r t i c l e s  heated a t  l 10°C f o r  one hour, four reta lned v iab le  organisms 
as Indicated by growth and ind l ca to r  reduction. Evidence o f  Increases i n  
numbers o f  v iab le  p a r t i c l e s  was observed over the  two week period. No 
change i n  the  Ind ica tor  was evident  around any o f  t he  sol  l p a r t i c l e s  t rea ted 
Table I 
Results from T r l a l s  wl th TSA-TTC Media 
and 74-88 pm Sol l Par t lc les  ** I n  Cups 
* Pos. re fers  t o  number o f  par t i c les  wl th mlcroblal growth 
** Random particles 
Type of  
Dry Heat 
Treatment 
None 
1 10°C-- I hour 
1 80°C--3 hours 
Table 2 
Results wl th  Soi l  Microorganisms l n l t l a l l y  Isolated From 
Par t lc les  Plated on TSA wi th  Subsequent Transfer t o  TSA-TTC Modla 
Time o f  Readlngs 
3 days 
pot * neg . 
9 8 
0 17 
0 15 
Co I ony 
Size on TSA 
Read I l y 
detectab l e 
Doubtful 
colonies 
i days 
pos . neg . 
I I 6 
I 16 
0 I S  
2 weeks 
pos . ne9 * 
I I 6 
4 13 
0 15 
No. of Isolates 
f ram TSA 
30 
5 
No, Showing Grori.;h 
and Red PPT. 
30 
0 
Percent 
100 
0 
a t  180°C f o r  three hours. This r esu l t  suggested t ha t  when the microf Io ta  
o f  the par t i c les  were rendered nonviable, no spontaneous reduction o f  the 
indicator  occurred under t e s t  conditions. 
I n  a l  l cases, the TSA-TTC medium gave a read1 l y  detectable, b r lgh t  
red prec ip i ta te  I n  the agar around each sol l pa r t i c l e  i n  cups wi th  evldence 
o f  growth. These resu l ts  indicated tha t  TTC indicator  would be useful as 
an a l d  t o  easier recognitton o f  p a r t i c l e  v i i+ *> i  l t y .  
Following the I n i t i a l  encouraging resu l t s  wi th TSA-TTC media, an 
experiment was run t o  t e s t  the a b i l i t y  o f  various natural s o i l  microf lora 
isolates t o  grow read i l y  on t h i s  medlum. It was o f  spe- la l  in terest  t o  
know whether any I nh lb i t l ng  e f fec ts  might r esu l t  from the use o f  the TTC. 
For t h i s  study, Cape Kennedy sol l par t l c les  (74-88 pm) were I n i t i a l  i y  
sonicated i n  buf fer  and plated i n  p e t r i  dishes wi th  TSA media. Following 
colony development, a series of about two dozen plates were chosen specl- 
f i ca l  l y  t o  obtaln a var iety o f  colony typss as indicated by appearance. 
This selection was made t o  obtain as wide a var ie ty  of  colonies as possible, 
l nc l ud f ng act  1 nomycetes as we l l as bacteri  a. From these p lates, 30 we1 i 
defined, d 1 f ferent, large, and s m  l l colonies were transferred t o  TSA-TTC 
agar plates. Five doubtful areas t ha t  might have been Inclusions i n  the 
agar o r  small p i n  po in t  colonies were a lso transferred t o  the TTC p tu  3. 
The plates were read a f t e r  Incubatton a t  32'C f o r  four chys. 
Results o f  the response from natural sol  l p a r t i c l e  isolates . i C  
media are l i s t e d  i n  Table 2. A l l  o f  the 30 isolates transferred .om 
TSA grew and developed a read i l y detect 
None of  the f i v e  doubtful colony areas 
T I C  agar. There i s  a possl b I i l t y  t ha t  
may have been unable t o  develop on 7 C  : 
o ther M diverse colonies d id  grow well  
able red prec ip i ta te  on the TTC media. 
showed any evidence o f  growth on the 
t h i s  l as t  group of  f ive t ransfers 
media. However, since a l l  the 
, It i s  more I I ke l y tha t  these p 1 n- 
po ln t  areas may have been media artifacts. 
Also o f  in terest  i n  the t r i a l  work wl th  TTC was the question o f  I t s  
e f f e c t  on aerobic spore formers. For t h i s  reason, an experimez? was done 
t o  determine i f  the addl t i o n  o f  the i ndlcator t o  TSA med l a  would cause 
any Inhibitions o f  growth o r  a f f ec t  colony counts o f  Bac i l lus  s u b t i l i s  var. 
niger. 
For the study, a t e s t  spore suspenslon of Be s u b t i l i s  (AAHK) was used. 
- 
The o r ig lna l  suspension was d i lu ted  wi th buf fer  t o  obtain a concentration 
of approximately 150 ~PO:-es per m l .  Qua~ l r ' t i es  of 1.0 m l  and 0.1 m l  
were plated I n  a series o f  60 plates f o r  each d l  lut ion. Th i r ty  p letes o f  
the 1.0 m l  and t h i r t y  of the 0.1 m l  ~ ~ o l u n i ~ s  were poured with TSA media. 
The r e m i  nlng 60 plates were pawed with TSii-'iX. Plate counts were made 
a f te r  Incubation a t  32'C f o r  48 hours. 
Table 3 l i s t s  the resu l ts  obtained ;t-crr c%nparisor\ p la te  counts o f  
8. s u b t i l l s  on TSA and TSA-TTC media. These data rndicate tha t  t h i s  spore 
- 
f o m r  developed about the same mean number of colonies on both media. 
The mean values obtained f o r  cot v y  counts suggest tha t  sporulatlon and 
colony developntent occurred without any I nh ib i t i on  by the indicator dye. 
The resu l ts  o f  the studies on TTC addit ions t o  the media indicate 
tha t  TSA-TTC w i l l  generally support the growtn o f  the same var ie ty  o f  s o i l  
associated species tha t  develops or! f S A  media. The addit ion o f  the redox 
indicator d id  not appear t o  be inh ib i to ry  t o  isolates tested. However, 
the format lor, o f  the red prec lp l ta te  made the sma l l e r  colonies more easi l y  
detectable than they would be on TSA alone. This i s  a benef i c l a l  factor i n  
reading resu l ts  o f  par t  I c l e  response t o  treatment I n  TOT cups. 
Plate Counts o f  Part ic les 
Plate count analyses of  the s o i l  f rac t ion  were I n i t i a ted  t o  obtain 
lnformatlon on the mean microbial loads associated wlPh the indiv idual  
part ic les.  Both I I @ t  and dark partIcles,were analyzed. Plate counts 
were made of aerobtc, mesophi l l c  mlcroorganisms and of  heat res is tant  
microf lora lndlgenous t o  WAKMF so i t  part ic les.  Results obtained from 
t h i s  series o f  experiments are summarized i n  Table 4. 
These p la te  count data indicate t ha t  dark s o i l  pa r t l c les  car r ied a 
higher number o f  mlcroorganisms than tha l i g h t  part ic les.  The mean count 
per dark pa r t i c l e  was s i x  times greater than t h a t  f o r  l i g h t  ones (1.e. 16.2 
organisms/partlcle as compared t o  2.6 organlsms/partlclel. It i s  Interest ing 
t o  note t ha t  a l l  o f  the unheated dark par t i c les  tested were viable; however, 
only 60% o f  the untreated l ight  par t i c les  produced coionles on plates. 
Among the dark par t ic les  tested, a much higher proportion remalned 
vlable a f te r  wet heat treatment a t  80°C f o r  20 min. than was observed f o r  
l Igh t  colored partlcles--about 92% as compared t o  32%. The mean count o f  
the dark par t i c les  was ten times greater than the count f o r  l igh t   articles 
treated a t  80°C fo r  the same t ime 1 nterva I. 
Table 3 
P la te  Counts o f  Bac i l l us  s u b t i l i s  var. n iqer  
on f SA and TSA-TTC Med l a  (32OC-48 h r  . 
Table 4 
Amount o f  
Spore D i l u t i o n  
Plated ( m l )  
1 .o -1276 
0.1 
Heat Treatment E f fec ts  on Viabi l i t y  o f  L lgh t  and Dark P a r t i c l e s  and 
P la te  Count Estimates of Microbia l  Load Associated w i th  WAmF (71-88 pm) 
Fract ion Cape Kennedy Soi l (Data from Exps. OR3289A, OR3200A, and OU291A) 
Number o f  Colonies Per P la te  
TSA medi um I TSA-TTC med i um 
," I 
i * l ndicates range o f  counts per p a r t i c l e  
Y: ** Refers t o  f r a c t i o n  o f  p a r t i c l e s  w i th  v iab le  microorganisms. ; - 
.. , 9 : 
Treatment 
None 
Wet Heat 
(20 rnin a t  80°C) 
Dry Heat 
(60 min a t  1 10°C) 
mean 
12.9 
mean 
108-1607- 
13.1 
range 
3 2 2  
range 
- 
4-22 
f 
Pla te  Count 
Mean o r d p a r t  i c l e  
L i g h t  Dark 
2.6 16.2 
(0-18)" (1-46) 
0.5 5.1 
(0-4) (0-35) 
0.03 1.9 
(0-1 1 (0-10) 
Proport ion  Pos it i ve ** 
L igh t  
f r a c t i o n  
22/37 
12/37 
1 /37 
Dark 
decimal 
(0,595) 
(0.324) 
(0.027) 
f r a c t i o n  
37/37 
34/37 
27/37 
decimal 
. ( 1  .OO) 
(0.919; 
(0.729) 
S i m i  l a r  t o  the  r e s u l t s  a t  80°C, highest counts of microorganisms able 
t o  survive a t  llO°C dry heat f o r  cne hour a l so  appeared t o  be associated 
w i  t h  dark so1 l par t lc les .  Approximately 73% o f  t h e  dark p a r t i c l e s  produced 
growth a f t e r  the  dry heat treatment; however, only 2% (one p a r t i c l e  i n  37) 
o f  t he  I i g h t  p a r t i c l e s  demonstrated v iab i  I 1  t y  a f t e r  heat ing a t  l 10°C f o r  
one hour. A f te r  treatment a t  1 10°C, the  mean count f o r  dark p a r t i c l e s  was 
reduced t o  2.9 organisms/particle, whi le f o r  t h e  l i g h t  f r a c t i o n  t h e  mean 
count was on ly  about one organiun/35 pa r t l c les .  
Although both I i g h t  and dark p a r t i c l e s  demonstrated a reduct ion I n  
numbers remalning v iab le  a f t e r  heat treatments, t h e  e f f e c t  was more 
pronounced on t h e  l i g h t  pa r t i c les .  On t h e  basis o f  these l i m i t e d  observa- 
t ions, t h e  dark p a r t i c l e s  appear t o  harbor a  greater  number o f  micro- 
organisms and a lso  seem t o  be more r e s i s t a n t  t o  t,eat treatment. 
Heat E f fec ts  on P a r t i c l e  V i a b i l i t y  
A  ser ies  o f  t s n  experiments was completed t o  study the  e f fec ts  on 
p a r t i c l e  v iab i  l i t y  o f  heating a t  l 10°C f o r  selected times. The r e s u l t s  
o f  these studies are  presented i n  Table 5 and Figure I. These experiments 
covered heating times t h a t  ranged from one t o  24 hsurs. Data compiled 
from t h i s  inves t iga t ion  are based on t h e  t rans fer ,  heating, and analys is  
o f  740 Ind 
Table 
organ 1  sms 
tested y i e  
o f  about 8 
v idual  s o i l  pa r t l c les .  
5  l i s t s  the  f r e c t i o n  o f  p a r t i c l e s  t h a t  retained v iab le  micro- 
o r  each heating t ime in terva l .  The unheated se t  o f  p a r t i c l e s  
p a r t i c l e s  out  o f  74 which represents a v i a b i  l i t y  
hour o f  heating, t he  proport ion o f  p a r t i c l e s  
lded 60 v iab le  
1%. A f t e r  one 
d e r m s t r a t i  ng growth had been reduced t o  approx lrnate l y  39%. Nearly three 
percent o f  t he  p a r t i c l e s  heated f o r  e igh t  hours s t i l l  remained viable. 
A l l  ~f the  p a r t i c l e s  heated f o r  16 hours and 24 hours f a i l e d  t o  show evidence 
o f  growth under the  t e s t  conditions. 
The t rend o f  p a r t i c l e  i nac t i va t i on  w i t h  heat ing t ime i s  i l l u s t r a t e d  
i n  Figure I. From the  resu l t s  o f  these experiments, it appears t h a t  t he  
reduct ion i n  number o f  v iab le  p a r t i c l e s  w i t h  t ime i s  r e l a t i v e l y  uniform 
f o r  the  ser ies tested a t  l 10°C. For purposes o f  comparison w i t h  other  
data, the  r a t e  o f  p a r t i c l e  i nac t l va t i on  i s  re f l ec ted  I n  the  slope o f  t he  
graph. 
Two ser  
i nac t i va t i on  
ies  o f  s o i l  p a r t  
by dry heat a t  
i c l e s  were run t o  obta ln Information on p a r t i c l e  
125OC. The f i r s t  exper imenta l ser ies  
Table 5 
So i l  P a r t i c l e  V i a b i l i t y  A f te r  Dry Heat Treatment on 
Clean Room Hotp l a te  a t  l I O°C 
WAKMF So i l  (74-88 pm). Proport lon Pos i t l ve  Data. * 
Experiment 
Number 
OR3296A 
OR32968 
OR3298A 
OR331 1A 
OR32988 
OR33 1 1 B 
OR331 1C 
OR3303A 
OR33038 
OR3305A 
Heating Time 
(hours I 
P r o ~ o r t  i on Pos i ti ve 
t r a c t i o n  
60/74 
29/74 
16/74 
10/74 
6/74 
7/74 
2/74 
2/74 
0/74 
0/74 
Decimal 
* Refers t o  f r a c t i o n  of p a r t i c l e s  w i t h  v iab le  microorganisms. 
Figure I 
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(OR3310 t o  OR33191 included a t o t a l  o f  592 ind iv idua l  p a r t i c l e  analyses 
and a heat1 ng t ime ln terva  l range of 30 m i  n. t o  360 m i  n. Proport ion 
pos i t i ve  data from t h i s  inves t iga t ion  are l i s t e d  i n  Table 6 and p l o t t e d  
on the  graph o f  Figure 2. 
l nspection o f  t he  data i n  Table 6 shows t h a t  approximately 76% of 
the  unheated p a r t i c l e s  tested showed evidence o f  v i a b i l i t y .  
Fol lowing 60 m i  n, o f  heat ing a t  125OC, v lab l  l i t y  was detected i n  only 
one p a r t i c l e  ou t  o f  74 tested. For t h e  heating tlmes from 120 min. t o  
360 min., a l l  o f  t he  p a r t i c l e s  analyzed were negative f o r  microbia l  growth 
under the t e s t  condi t ions used. The f a c t  t h a t  t he  l a s t  f i v e  sets o f  74 
p a r t i c l e s  each were negatlve i s  i n te res t i ng  f o r  two reasons. F i r s t ,  t he  
data suggest t h a t  f o r  t h i s  ser ies o f  74-88 pm p a r t i c l e s  the  t ime f o r  
i nac t i va t i on  a t  125OC appears t o  I i e  somewhere between 60 mfn. and 120 min. 
And, second, the  f a c t  t h a t  f i v e  successive sets o f  cups (representing 
10 separate boats and 370 pa r t i c les )  were a l l  negative indicates t h a t  
our techniques t o  avoid extraneous contamination were sa t is fac tory .  
A second experimental ser ies  a t  125OC was run w i th  shorter  heat ing 
times. This was done t o  obta in  a more deta i led  p a r t i c l e  i nac t i va t i on  
p r o f i l e  than t h e  f i r s t  ser ies  provided. Table 7 l i s t s  the  proport ion 
p o s i t i v e  data representing 518 p a r t i c l e s  tested i n  experiments OR3331 
through OR3338 o f  t h l s  study. The corresponding graph o f  proport ion 
pos i t i ve  values f o r  heat ing times i s  shown i n  Ffgure 3. These data tend 
t o  conf irm the  r e s u l t s  o f  t he  f i r s t  experimental ser ies  i n  t h a t  some 
p a r t i c l e s  again retained v i a b i l i t y  through heating times o f  60 min., bu t  
none were p o s i t i v e  when tested a f t e r  80 min. o f  heat treatment. 
Data from both I25OC experlmenta l ser ies  (OR33 10 through OR33381 
have been combined i n  Table 8 which, therefore, represents t h e  r e s u l t s  
?ccumulated from processing o f  1,110 ind iv idua l  sol  l pa r t i c les .  A 
r e f  ined p a r t i c l e  i nac t  i v a t i o n  pro f  i l e  was graphed from these val  ues and 
I s  shown i n  Figure 4. Because t h e  basis f o r  t h l s  graph i s  a much larger  
sampling o f  s o i l  p a r t i c l e s  than previously tested, it would appear t h a t  
these resu l t s  may be somewhat more representat l  ve o f  t he  WAKMF so l  l 
p a r t i c l e s  response t o  dry heat a t  125OC. 
dry Box vs Clean Room Studies 
Several ser ies  o f  experiments were done t o  determine the  e f f e c t s  
o f  condi t ioning and heating s o i l  p a r t i c l e s  i n  a dry environment as contrasted 
f 
Table 6 
Soi l  P a r t i c l e  V i a b i l i t y  Af ter  Dry Heat Treatment on 
Clean Room Hotplate a t  125OC 
WAKMF Sol l (74-88 urn). Proport ion Pos i t  lve Data. * 
Experiment 
Number 
i I 
: t ion o f  p a r t i c l e s  w i th  v i a b l e  microorganisms. 
Heating Time 
(minutes) 
Proportion Pos i t ive  
Fraction I Dec 1 ma l 
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Table 7 
Sol 1 Par t lc le  Vlabi 1 l t y  After Dry Heat Treatment on 
Clean Room Hotplate a t  1 2S°C. 
WAKMF Sol 1 (74-88 pm) . Proport Ion Pos 1 t lve Data. * 
j * Refers t o  fract ion of part icles with viable microorganisms. i 
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Table 8 
So i l  P a r t i c l e  V i a b i l i t y  A f te r  Dry Heat Treatment on 
Clean Room Hotp l a t e  a t  1 2 5 O C .  
WAKMF Soi l (74-88 pm) . Proport ion Pos 1 t i ve Data. * 
(Composite Summary o f  A l  l Experiments) 
1 Exper 1 ment 
Number 
I 
1 OR3-3 l OA, 33 I A 
OR333 1 B 
OR333 1 C 
0R3-3 I OB, 333A 
OR33338 
ORE313A, 338A 
OR33388 
OR33 13B 
OR33 1 7A 
OR33 1 78 
OR33 19A 
OR33 1 98 
Heating Time 
(minutes) 
Proport ion Pos i t i ve 
Fract ion 1 Decimal 
* Refers t o  f r a c t i o n  o f  particles w i t h  v iab le  microorganisms. 
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t o  s l m l l a r  treatment I n  a r e l a t i v e l y  higher molsture s i tua t fon .  Thls 
study was o f  i n te res t  because e a r l i e r  work w l th  cleaned spore suspensions 
had suggested t h a t  dry atmospheres enhanced the  thermal destruct ion ra tes  
o f  some spora s t ra ins ,  Therefore, It appeared useful t o  determine whether 
o r  not simi l a r  e f f e c t s  would be observed w i th  the indigenous n ~ i c r o f  lora 
of sol1 pa r t i c les .  
The resu l t s  o f  the  experiments carr!ed out  I n  dry box and c l  
atmospheres are shown I n  Tables 9 and 10. The greatest cont ras t  
t he  two environments was observed I n  the l 10°C ser ies  (see Table 
O f  74 p a r t i c l e s  tested a t  l 10°C I n  the  dry  box, 9.4% were found v 
ean room 
between 
9). 
table 
a f t e r  4 hours o f  heat treatment. A greatar  reduct lon i n  v:able numbers 
occurred among the  74 p a r t i c l e s  t reated f o r  4 hours i n  the  clean room 
where only 4% o f  the  p a r t l c l e s  remained viable. 
Dry heat treatment a t  l l O°C I n  the  clean room atmosphere appeared t o  
be more e f f e c t l v e  f o r  l nac t l va t l on  o f  s o i l  pa r t l c les ,  None o f  t h e  p a r t l c l e s  
tested I n  the  clean room were found v lab le  a f t e r  8 hours o f  heat lng tlme. 
By contrast, 10% o f  the  74 p a r t i c l e s  t rea ted i n  the  dry box atmosphere 
were s t l l i  v i ab le  a t  t h e  end o f  e l g h t  hours heating tlme. 
Results o f  dry box - vs clean room studies a t  12S°C tend t o  show trends 
siml l a r  t o  those observed f o r  1 10°C. Table 10 shows t h a t  I n  the  30 minutes 
heatlng ser ies  a t  125'C, a s l  i g h t l y  greater  number o f  p a r t i c l e s  remalned 
v lab le  a f t e r  heat treatment i n  the  dry box than was found among p a r t l c l e s  
heated I n  the  clean room. Treatment o f  so l  l p a r t i c l e s  a t  125'C f o r  one 
hour I n  the  clean room a lso  resul ted I n  a greater  reduct lon i n  v fab le  
numbers than was observed i n  the  dry box data. 
The r e s u l t s  obtalned a t  125OC do not  show as marked a cont ras t  as 
was noted a t  1 10°C. I t  appears t h a t  cond i t ion i ng and treatment a t  low 
moisture had e l t h e r  no e f f e c t  o r  may have promoted a s l i g h t  increase I n  
resistance o f  the p a r t i c l e  mlcrof  l o ra  t o  heat. Thus, the  e f f e c t  observed 
w i th  s o i l  p a r t i c l e s  seems t o  be d i f f e r e n t  from t h a t  previously reported f o r  
studies w i t h  clezned spores. With WAKMF s o i l  par t l c les ,  t he  dry box 
treatment had l i t t l e  added e f f e c t  over clean room r e s u l t s  o r  imparted 
increased pro tec t ion  f o r  sol1 microf lora.  I n  contrast,  t he  e a r l i e r  s tudles 
w i th  cleaned spores indicated t h a t  d r y  box treatment o f t e n  enhanced dest ruc t ion  
rates o f  spores. 
Table 9 
Results o f  V lab l l i t y  Tests on WAKMF Soll  Par t lc les  (74-88 pm) 
After  l 10°C Dry Heat Treatment f o r  4 and 8 Hours I n  Clean Room o r  Gry Box 
Heat 1 ng 
Tlmes 
4 
Hour 
Ser i es 
(OR3347A) 
8 
Hour 
Ser ies 
(OR334781 
Boat 
Number 
l lOWC Series Proportion Posi t ive 
' Dry Box (100 ppml* 1 Clean Room ( l3,000 ppml* 
Fraction 1 Oeclmal 1 t rac t ion  I Declrnai 
I 
2 
Tota I 
* Refers t o  moisture level I n  atmosphere o f  t e s t  envi ronment. 
I 
2 
Tota I 
Table 10 
3/ 37 
4/37 
7/74 
Results o f  V lab l l i t y  Tests on WAKMF Sol l  Par t lc les  (74-88 vm) 
After  125'C Dry Heat Treatment f o r  30 and 60 Mln. I n  Clean Rocm o r  Dry Box 
4/37 
4/37 
8/74 
0.081 
0.108 
0.094 
0.108 
0.108 
0.108 
Heat i ng 
T i  rnes 
(0R33408) 1 Total 1 11/74 1 0.149 1 8/74 
1/37 1 0.027 
30 
M I  nute 
Ser ies 
(OR3340A) 
*Refers t o  molsture lave1 I n  atmsphere o f  t e s t  envlronment. 
2/37 
3/74 
0/37 
0/37 
0/74 
Boat 
Number 
0.054 
0.040 
0.000 
0.000 
0.000 
125'~ series ~ r o p o r t i o n  ~ o s m  
' Dry Box (100 ppml* Clean Rcml 
-Fractlon I Decimal I Fract Ion 
 
I 
2 
Tota l 
7/37 
8/ 37 
15/74 
0.189 
0.216 
0 203 
6/37 
6/37 
12/74 
CONCLUS l ONS 
The experfmental data obtained dur ing tbe  studios o f  dry heat e f  f sc ts  
on the  v f a b i l l t y  o f  s o i l  p a r t f c l e s  suggest the  fo l lowing conclusfons: 
I. The usc o f  the  aluminum boat-TOT cup-TSA sol  i d  media syslem 
f a c i l i t a t e s  the  assay procedure f o r  p a r t i c l e  v i a b i l i t y .  
2, Modff icat ions o f  TSA media by add i t ion  o f  t r fpheny l te t razo l ium 
ch lor ide  Improved the  visual detectfon of microbial  growth from s o i l  
p a r t i c l e s  I n  TDT cups. 
3, Prel iminary aerobic, mesophil lc p l a t e  counts y ie lded mean la lues 
o f  16.2 organisms and 2.6 organisms respectively per dark and l l g h t  p a r t l c l e s  
o f  WAKMF sol I. Treatment a t  I 10°C f o r  one hour reduced t h e  average counts 
t o  approximately two organisms per  dark p a r t i c l e  and one organfsm per 
35 l l g h t  pa r t l c les .  
4, Dry heat a t  l 10°C caused a progressive , ~ d u c t f o n  i n  the  number 
o f  s o i l  p a r t f c l e s  t h a t  reta ined v i a b l e  microorganisms. Some p a r t i c l e s  
remafned v iab le  through a t  least  e f g h t  hours o r  more of hoat tri;a:'nent. 
A t t e r  16 hours o f  heat ing none o f  t h e  par t !c los L m o ~ s t r a t e d  viab I I i ty  
undqr t e s t  conditfons. 
5 .  Treatment o f  so l  I p a r t  l c  les  a t  125'C caused a much more rap i d  
loss o f  v f a t  l e  F : * I " ~ ~ ? s  than was observed a t  1 10°C. Al I p a r t i c l e s  heated 
fo r  80 min. cr longer appeared t o  be non-viable under t e s i  condftions. 
6. Conditlonfng and heat treatment o f  s o f l  p a r t f c l e s  under dry 
atmosphere condf~. ions d f d  not  enhance the  inactivation ra tes  over r e s u l t s  
obtained I n  c lear  room studles. I n  fact,  p r t t l c l e s  t reated unde;- dry box 
condi t ions showed a lower proport ion o f  Inact ivat fon.  
FUTURE WORK 
I. Repl icate studfes t o  conf i rm t h e  rep roduc fb l l f t y  o f  f n l t i s l  data 
obtafned f o r  p a r t i c l e  v i a b f l i t y  -- vs t ime and temperature. This would 
Involve add i t iona l  heat t r e a t m n t  experiments w i th  larger  samples o f  
74-88 pm sol  l p a r t i c l e s  a t  l 10°C and selected times. 
2. Dry heat treatment experiments a t  l 10°C t o  deterrnlne the  p r o p o r t ' m  
of roil p a r t i c l e s  t h a t  r e ~ a i n  v iab le  fo l lowing selected heating times and 
Incubation under anaerobfc, mesophi l l c  conditfons. 
3. Experfments t o  determine the  proport ion of p a r t i c l e s  t h a t  remain 
v iab le  fo l lowing llO°C heat treatment and Incubation I n  aerablc, psychro- 
phi I i c  condftfons. 
24 
4. Dry heat treatment and incubatton o f  s o i l  p a r t i c l e s  I n  an anaerobic, 
psychrophl l ic envlronwent t o  t e s t  v l a b l l i t y .  These studies w i l l  requ i re  
use o f  Brewer j a r s  and perhaps some studies w i th  V l  king recovery media 
would a lso be possible i n  these experiments. 
5. Analyses o f  Cape Kennedy s o i l  pa r t i c les ,  &?om s ize  ranges avai lable, 
t o  deterwine the  mean microbial  p la te  counts per p a r t i c l e  and the  mean 
nunber o f  heat res i s tan t  microorganisms associated w i th  these pa r t i c les ,  
6. Studies t o  determine p a r t i c l e  v tab i  l i t y  - vs t ime and temperature, 
using p a r t l c l e s  t h a t  are I n  t h e  next s i ze  range smaller and larger  than 
74-88 pm. 
7. Rspl icat ion o f  experiments t o  v e r i f y  the  data obtained I n  clean 
room vs dry box work of e a r l i e r  studies. It would be useful t o  determine 
-
the  e f f e c t  o f  an addi t ional  intermediate moisture level, a t  leas t  f o r  t he  
74-88 pm sot 1 p a r t i c l e s  t reated a t  1 10°C. 
